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SPACELAB - A CRITICAL REVIEW

D. J. Shapland
European Space Agency
Paris, France

ABSTRACT

nected to the Orbiter cabin by means of a flexible tunnel.

A review of the Spacelab Programme from the point of view
of a potential user is provided. In this context, the promise
of Spacelab prior to the start of its development is compared
with it currently estimated performance. A critical assess
ment of the utilisation of Spacelab is also included.

The development phase of Spacelab commenced in June
1974. In "selling" its usefulness to potential users, many
advantageous aspects had been stressed, the most important
of which are:
— large weight and volume payload capability
— low-cost space experimentation
— re-usability
— large power available for experiments
— short gestation times for experiments.

Typical topics discussed include services provided for users
(e.g. payload capability, available power and energy, thermal
control) and operational aspects (e.g. mission duration, mis
sion costs, participation by experimenter). Although, gen
erally, there is good agreement with the initial specification,
areas for concern are identified as power available to experi
ments, flight duration, data storage and most importantly

With the design frozen, its development and testing in high
gear and its first flight set for late-1 981 , it is now relevant to
take stock and try to answer the question—will Spacelab
fulfill its promise?

operational costs.

INTRODUCTION
Spacelab has been designed to provide users throughout the
world with an orbital platform for the conduct of space
experiments in a wide variety of scientific, applications and
technological fields. The combination of Shuttle Orbiter and
Spacelab represents a short-stay space station that can remain
in orbit for (nominally) seven days with eventual extension
up to 30 days. Spacelab, illustrated in Figure 1, consists
basically of a manned laboratory (the module) and an obseving platform (the pallet). The pressurised module provides a
"shirt-sleeve" environment for man-tended experiments and
the unpressurised pallet permits the direct exposure of instru
ments to space. Spacelab is modular in concept and may be
used in a module-only, module + pallet or pallet-only modes.
The module may be composed of one or two identical
cylindrical shells (2.7m in length) enclosed by end cones,
whereas the pallet can comprise up to five segments, each of
3m length. One module segment (the core) contains basic
Spacelab subsystems and also a large volume (7.5m3) f0 r
experiment equipment. The second cylindrical shell (experi
ment segment) provides additional experiment space of up to
15m3. In the pallet-only mode, essential subsystems are
carried in a pressurised igloo. The whole Spacelab fits within
the 18.3m x 4.6m diameter Orbiter cargo bay and is con

As the design has evolved, the forecast performance data
and the manner of its presentation has changed to fit existing
conditions. Hence, it is difficult to identify a particular set of
data which represent the original intent. For the present
purpose, the data given in Figure 2, representing the forecast
performance as of late 1974, is taken as a starting point. The
evolution from paper concept to real hardware has been
accompanied by a deterioration of some of the initial pro
mises. This paper addresses the more important of the defi
ciencies of the Spacelab programme as viewed by a potential
user. As an aid to understanding the various categories of
hardware involved in discussing these topics, the information
contained in Figure 3 is provided. For further details on the
types of equipment listed and for up-to-date information on
engineering interfaces, system performance and subsystem
capabilities, the reader is referred to Reference (1).

PAYLOAD WEIGHT AND VOLUME CAPABILITIES
The current mass status is summarized in Figure 4 for five
important Spacelab configurations. The New Level II Control
Mass referred to under 1a) is based on the "hardware limit"
set by the Programme Requirements document (Reference 2)
which establishes Spacelab hardware limits and programme
weight reserves for Spacelab-related hardware. The values

3-15

systems and the configuration associated MDE. Considerable
effort has been- and is being-devoted to reducing this high
consumption—with some success, as indicated in Figure 9.
By way of explanation, OAFD refers to the Orbiter Aft
Flight Deck which uses a separate (from Space*lab) source
supplying 0.75kw continuous power. After 1975, the maxi
mum and minimum values quoted refer to the cases (1) all
switchables on, and (2) all switchables off. Switchables
include such peripheral items as viewport heaters and tunnel

given in the document reflect the recent state of the design
and are quoted in Figure 5 for the five controlled configura
tions. These values are based on a permissible Orbiter landed
payload of 14,515kg. Already a reduced payload weight
capability is quoted. Further, it can be seen from Figure 4
that the current weights (including projected changes) pro
vide positive margins for the SM+3P, 3P and 5P configura
tions. However, the hardware margin for LM and LM+1P
are actually negative, with the resultant potentially reduced

lights.

payload.

The available power situation is not good and recent de
mands (particularly from the material sciences community)
for module power are, in fact, higher than originally pro
mised. The type of power available and distribution schemes

In general, it can be said that the subsystem mass history
has tended to stabilise (Figure 6) but day-to-day fluctua
tions might be expected, particularly increases due to integra
tion-related equipment. It should be noted that the steep
rise in January 1978 is due to the method of accounting
only. From that date 100% of the mission dependent equip
ment (MDE) associated with the configuration is included
in the current mass (as compared with 50% MDE previously).
Thus, the payload values shown are truly for experiment
equipment, with a corresponding increase possible if the full

are considered satisfactory.
As regards energy, there is a distinct shortage (see Figure 10),
but the situation is not serious since additional energy can be
made available by adding energy kits. However, the weight of
these kits is payload deductable.

100% MDE is not used.
Comparison of the figures indicate that the presently fore
seen payload capability is lower than originally forecast.
However, these reductions are not considered to be serious
and the Spacelab payload capability remains significantly
large.
As regards the volume available for experiment equipment,
this remains much as foreseen with ample storage space and
rack availability in the module. Pallet volume is confined
only by the Orbiter dynamic envelope and extension booms,
etc. may be used on-orbit. A typical double rack (actually
rack 4) arrangement with its standard services is shown in
Figure 7.

POWER AND ENERGY
The present power situation is summarised in Figure 8. When
interpreting the data, the following points should be borne
in mind:
The ERNO SPEC value already takes account of known
predicted subsystem performance
Although harness losses for the subsystems are accounted
200 watts) can be expected in the payload
for, losses (
harness
Generally, the value 3(b) is more likely than 3(a)
The available value of item 3 is based on the current value
rather than the SPEC value
Data are for all equipment items operating at the same
time (no time-lining).
It is evident that, for configurations involving a module, the
power available to experiments is disappointingly low. The
main reason for this is the high consumption of the basic sub

The most significant effect of the low amount of electrical
energy available is in the area of mission extension, since
Orbiter and Spacelab must be provided with enough energy
to keep basic subsystems operating throughout the period.
One kit (about 430kg) added only extends the mission by
about 40 hours, so that really long duration missions become
impossible, and payload weight penalties soon become pro
hibitive even for shorter missions in excess of the nominal.

THERMAL CONTROL
The thermal control capabilities should at least match the
power input available. This is generally true and a total heat
rejection capability of 8.5k^/ is available. No specific values
for the various modes of heat removal from payloads (the
various loops, cold plates and heat exchanges) were promised
initially so that status verification is difficult. However,
adequate conditions exist, the maximum capabilities for the
loops being:
Cabin 1o-op
Avionics loop
Water loop
Freon loop

1
3.5
5
7

kW
kW
kW
kW

The cold plates and heat exchanges have capabilities for heat
removal of 1kW and 4kW respectively. As is the case with
power, removal of heat dissipated in the subsystems and
MDE reduces the capability for payload cooling.
The main concerns arise from the fact that the heat paths
from the module to space are greater than previously antici
pated. As a result a problem does exist in the so-called "hot
case" when Spacelab is directly facing the sun. In this case
the heat removal is considerably reduced. In summary the
total payload heat removal capabilities (based on December
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1978 values) for the extreme cases can be summarised by
configuration as shown in Figure 11.
5n the plus side it should be noted that the cooling in the
avionics loop is now greater than envisaged and a cold plate,
exclusively for experiment use, and experiment heat ex
changer have been added to the module.
It must be remembered, also, that certain time constraints
(imposed by the Orbiter system) are placed on the viewing
as in extreme cases thermal conditioning (the barbecue
mode) is required. The hold times vary with the beta angleorbit plane relative to the solar vector—and are too involved
to be reported here. For specific cases the user should con
sult Reference (3). In the hot case, a limit of 16 hours may
be applied, whereas for the cold case the viewing time can be
as low as three hours before thermal conditioning is required.
It must be remembered that the thermal environment of an
experiment can only be analysed at system level and often
amelioration can be effected by payload lay-out.

DATA HANDLING
Drawbacks to the developed CDMS (Command and Data
Management Subsystem) are more concerned with the
philosophy of use rather than design. The CDMS role is seen
as shifting from a centralised system to one of co-ordination,
particularly with the advent of low cost, miniaturised micro
processors. Remote Acquisition Units (RAUs) are the main
interface with the experiments and these have turned out to
be more complex than originally intended. A modular RAU
would represent a simplified approach.
As regards the computer, only a limited on-board analysis
capability is provided, but additional capability is not re
quired anyway. The memory capability although fulfilling
early requirements is now thought to be too small. Future
developments will see this extended.
On-board data recording is available through the High Data
Rate Recorder (HDRR). The storage capacity is 3.8 x 10 10
bits and data rates up to 32Mb/sec can be accepted. How
ever, the tape change operation can be time consuming
and is not as simple as originally conceived.
The reduced command up-link capability, which is now
more like tens of bits compared to the 2k bits originally
promised, has considerably affected the participation of the
experimenter in the mission itself. Changes of plan and time
line will be difficult to transmit to the payload specialists on
board and a considerable load will be placed on the voice
link. Also, the-Payload Operations Control Centre (POCC)
is not currently equipped to handle very high data rates.
This could imply added expenses to experimenters for supply
of additional ground support equipment.

INSTRUMENT POINTING
The Instrument Pointing System (IPS) which provides 3-axis
attitude control for experiments is now under development
and no serious deficiencies in its pointing capability have
been identified. The performance requirements for line of
sight pointing (two arc sec) and roll (40 arc sec) are likely to
be achieved but definite performance values are not yet avail
able. Although extremely flexible operationally, there are
indications that stability might prove problematic—a condi
tion arising from the end-mounted approach used. Also,
continuous observation of the sun will not be possible as
some thermal constraints will almost certainly have to be
introduced in the hot case. The main concern in the field
of pointing is whether a complete range—covering mass and
pointing requirements—of pointing systems will be available
to experimenters.

SPACELAB OPERATIONS
Spacelab was presented to the potential user as a flexible
laboratory-like platform for orbital experimentation. It has,
in fact, fulfilled this promise, particularly in the modular
design approach adopted, although the requirements for
safety can have serious repercussions on experiment equip
ment design and development cost. Also, the exclusion of
relatively minor hardware items (the most serious is the
airlock from the short module) tends to reduce operational
flexibility. Late access to Spacelab continues to be a pro
blem, particularly for Life Sciences experimenters. Although
originally foreseen as up to a few hours before launch it is
more likely to be greater than ten hours. Contamination is
also an operational problem but the "dirty" nature of the
system has always been known and the magnitude of the
problem will not be established until after the first flight.
In Europe, a Spacelab Utilisation Programme (SLUP) is
evolving which Is intended to assist experimenters in their
"ready-access" to space. The aims of this programme are
principally to:
Stimulate the use of Spacelab by experimenters in all
branches of science and technology.
Demonstrate the application of Spacelab.
Help the experimenter in all phases of the experiment
development.
Set up an Instrument Pool for use by all Spacelab experi
menters.
The latter is particularly important since it will promote the
common usage of existing equipment, leading to reduced
development costs for the user community. Initial steps are
presently underway in Europe and the concept should be
encouraged by all experimenters.
As part of the scheme to implement SLUP, the Spacelab
Payloads Integration and Co-ordination in Europe (SPICE)
team has been set up to support the experimenter through-
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out all phases of his programme. The SPICE group will be
responsible for the integration of ESA-sponsored payloads
and efficient management and integration techniques are
important. Preliminary data indicate that costs in this area
are too high to be attractive to many experimenters and

Spacelab Payload Accommodation
1.
SLP/2104 Issue 1, July 1978.

Handbook

ESA

radical new methods are called for to improve the cost effi
ciency to the user. This includes shortening the current
integration time which does not fulfill the "months rather
than years" promise for experiment gestation. However,
integration times are very dependent on the complexity of
the equipment and it seems likely that these will be consid
erably reduced for small experiments when Spacelab opera

Spacelab Programme Requirements Level I, ESA-SL2.
74-1 Revision 3, January 1978.

tions become routine.

4. "Spacelab Follow-On Development" by W. Nellessen,
16th Space Congress, Cocoa Beach, April 25-27th, 1979.

Space Shuttle System Payload Accommodations
3.
Vol. XIV of Level II Program Definition and Requirements
NASA/JSC/07700, November 1975.

In addition to the charges accruing from the integration of
his experiment into a payload, an experimenter must con
sider the costs required for launch of the payload. These are
NASA charges for the use of the Space Shuttle and Spacelab
and are also extremely high. The net effect is one of dis
couragement to the potential Spacelab user. Rough order
of magnitude costs are given in Figure 12. Total launch and
integration costs may well approach 60M$—a far cry from
20M$) quoted at the outset of the Spacelab
the low rates (
Programme.
One particular aspect of the NASA charging policy that
affects Europeans is the "charge factor" applied to partial
payloads. This factor results in an additional charge of 33%
which is not applicable to a total payload.
The result of the cost escalation both -in integration and
launch costs for a mission of relatively short duration is to
make Spacelab not competitive with conventional satellites
on a cost/observation time basis. A review of the Shuttle/
Spacelab charging policy is urgently required in an attempt
to dispel this disenchantment of the user community.
CONCLUDING REMARKS
Figure 13 summarises the areas where potential users of
Spacelab might have concerns. These primarily cover the
areas of power, energy, mission duration and most impor
tantly operational costs. Steps are under way to remedy
some of these shortcomings, as will be described in a later
paper (Refere'nce 4).
It strikes the author that much of the current disillusionment
with Spacelab springs from the fact that step improvements
in performance, techniques and cost reduction were forecast
with the introduction of Shuttle/Spacelab. In reality, a tran
sition period is required when new techniques are digested
and perfected. This learning curve may take a few years and
might well encompass a fair number of missions before the
full promise of this new reusable concept is realised.
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CABIN LOOP DUCTS
FWD ENDCONE

CORE SHELL

VIEW PORT ASSY

SINGLE RACK 6

DOUBLE RACK 4

SINGLE RACK 12

DOUBLE RACK 10

DOUBLE RACK 8

TOP AIRLOCK
GEN. ASSY.

AFT ENDCONE

"~ ~ ~
EXP SEGMENT

BASIC AFT PALLET

SILL PRIMARY
ORBITER FITTING

SILL STABILIZER
ORBITER FITTING

CO
CD

CONTROL CENTRE
RACK 2
THERMAL SUPPORT
STRUCTURE

SINGLE RACK 11
DOUBLE RACK 9
DOUBLE RACK 7
AREA FOR SINGLE RACK 5
EXP FLOOR SM
SUBFLOOR
AVIONIC LOOP DUCTS
DOUBLE RACK 3
KEEL FITTING ASSY
WORKBENCH RACK 1
FREON LINES

PUSS ASSY LM-1P
MUSS ASSY

Figure 1. Principal Features of Spacelab

PALLET/ATCS FREON LINES

AVAILABLE
TO USERS

SPACELAB
CONFIGURATION

• PAYLOAD WEIGHT

SHORT MODULE
+ 9 METER PALLET

(KG)

5500

15 METER PALLET

LONG MODULE

8000

5500

INDEPENDENTLY
SUSPENDENT PALLET

9100

• VOLUME FOR EXPERIMENT EQUIPMENT

22.2

(M3)
(M3)

99.8

167.4

97.1

(M2)

51.3

85.7

53.6

AVERAGE

(KW)

3-4

3-4

PEAK

(KW)

8.8

9.0

ENERGY

(KWH)

PRESSURIZED
NON-PRESSURIZED
(NO OVERHANG)
• PALLET MOUNTING AREA

7.6

• ELECTRICAL POWER (28 VOLTS DC/
115/200 VOLTS AT 400 HZ AC)

• EXP. SUPPORT COMPUTER
WITH
CENTRAL PROCESSING UNIT

4-5

4-5

10.0

10.0

— 64 K CORE MEMORY OF 16 - BIT WORDS
———— 320 000 OPERATIONS PER SEC. ———

• DATA HANDLING
TRANSMISSION THROUGH ORBITER
STORAGE DIGITAL DATA
• INSTRUMENT POINTING SYSTEM (IPS)

" UPTO50MBPS
~ UPTO30MBPS
MOUNTED ON PALLET, WILL PROVIDE ARC-SEC. POINTING ACCURACY
FOR PAYLOADS UP TO 3000 KG.

Figure 2. Forecast Spacelab Services for Users

Basic Spacelab
Equipment

CO

ro

Includes:
Module Subsystem
Pallet Subsystem
ECLS Subsystem
TC Subsystem
EPDS Subsystem
CDMS Subsystem
Crew Habitability
System Activation
and Monitoring
Etc.

Mission Dependent
Equipment (MDE)
Includes :
Racks in Module
Pallet Hardpoints
Cold .Plates
Experiment Heat
Exchanger
Experiment Computer
Experiment I/O Unit
RAUs
HDR Recorder
Multiplexer
Stowage Containers
Film Separators
Top Airlock
Viewport Assembly
Etc.

Orbiter Supplied
Equipment (OSE)

NASA Furnished
Equipment (NFE)

Comprises :
Tunnel Adapter
Electrical Energy
Kit
Heat Rejection
Kit
ARS Ducting
Payload Retention
Mechanism

Comprises :
Forward Utilities
Transfer Tunnel
Trace Gas
Analyser
High Quality
Window

Figure 3. Spacelab Hardware Categories

^^

CONFIGURATION

'————___^^

HARDWARE CATEGORY

"

^"^^——-^___^^

LM + IP

LM

SM + 3P

3P

5P

1. Basic + MDE

7275

6195

6930

3775

5000

7416

6343

6900

3699

4802

- 141

•* 148

30

76

198

2. NASA Furnished Equipment
a) New Level II Control Masses

1082

1082

982

458

458

3. Orbiter Support Equipment

1161

906

1161

1049

794

4. Level I Programme Reserve

548

1532

492

433

613

5. Available for Payload
(14515 - l(a) - 2 - 3 - 4)

4450*

4800

4950-

8800

7650

x

a) New Level II Control Masses
b) Current Value (mid-February
1979)
c) Margin (a-b)

4250 for SL-1 including 856 for Verification Flight Instrumentation (VFI)

Figure 4. Current Mass Status (kg) for Various Spacelab Configurations

Configuration

Hardware
Limit (kg)

Programme
Weight Reserve
(kg)

Payload Weight
(kg)

Long Module
+ 3m Pallet

9518

Long Module
(LM)

8183

1532

4800

Short Module
+ 9m Pallet
(SM+3P)

9073

492

4950

9m Pallet (1)
(3P)

5282

433

8800

6252

613

7650

4450

(LM+1P)

N>
CO

15m Pallet
(5P)

(2)

separately suspended

2- and 3-segment trains
Figure 5. Spacelab and Related Equipment Hardware Limits
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14000

12.000

I

10.000

$000

6000

4000

100

J

1974

0

J

A

IJ

1975

0

V.

MiDE

JAJOJAIJOJAJOJAJIO

1976

1977

Figure 6. Mass History of 5-P Spacelab Configuration

1978

1979

RACK STRUCTURE

INTERCOM REMOTE STATION

COLDPLATE (M.D.I.)
DIFFUSSER
VALVE OPERATION MECHANISM

EXP HEAT EXCHANGER (M.DI.)

SHUT OFF VALVE
WATERLINE PLUMBING (M.D.I.)
EXR POWER SWITCH. PANEL

CONNECTOR BRACKET

Figure 7. Spacelab Double Rack Arrangement
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" ' """"-——-——-____CONF I GURAT I ON
HARDWARE CATEGORY
*"""—————^____^^

KM + IP

LM

SM + 3P

3P

5P

1. Basic Suacelab
(a) Current Value (mid-Feb. 1979)
(b) ERNO SPEC Value
(c) Margin

3506

3111

3370

N/A

3601
490

3883
513

1343

1343

N/A

1601

N/A

3. Available for Payload
(a) No Mission Dependent
Equipment Operating
(b) All Mission Dependent
Equipment Operating

1210

289

1501
291

1065
1263

854

854

916

916

258

198

62

62

3494

3789

3630

5825

5790

2151*

2546

2565

4971

4936

N/A

2. Mission Dependent Equipment
(a) Current Value (mid-Feb. 1979)
(b) ERNO SPEC Value
(c) Margin

1175
1464

Note; Values are maximum continuous with all basic Spacelab eauioment switched on.
* 215O for SL-1 includina 90O for Verification Flight Instrumentation (VFI)

Figure 8. Current Power Status (w) for Various Spacelab Configurations

TOTAL POWER AVAILABLE (KW)

CONFIGURATION

Long Module
+ 1 Pallet
(LM+1P).

CO

ro

ENERGY AVAILABLE
TO PAYLOAD & MDE

572

318

508

382

550

340

3 Pallets
(3P)

192

698

5 Pallets
(5P)

197

693

Long Module
(LM)

CO

ENERGY USED BY
SUBSYSTEMS

Short Module
+ 3 Pallets
(SM+3P)

All data refer to continuous power usage
Available energy: one kit (840) + 50 from Orbiter
Additional kits may be added but are payload chargeable

Figure 10. Current Energy Status (kWh) for Various Spacelab Configurations

COLD CASE

CONFIGURATION

NOMINAL

HOT CASE

Long Module
+ 1 Pallet
(LM+1P)

3330

1400

4875

Long Module
(LM)

3710

2205

5010

Short Module
+ 3 Pallets
(SM+3P)

3525

1865

4820

3 Pallets
(3P)

6485

5065

7350

5 Pallets
(5P).

6450

5130

7275

ro
co

Figure 11. Spacelab Total Payload Heat Removal Capabilities (w)

NOTE;

The cost data presented here are for illustrative purposes only; they
should not be construed as actual costs.

CONFIGURATION:

Long Module + 1 Pallet

CURRENCY:

US$ (mid-1978)

COSTS TO NASA

COSTS TO ESA

$ 24M

SPACE SHUTTLE LAUNCH COSTS

GO
CO
O

PAYLOAD INTEGRATION

- Participating Foreign

- SPICE Team

- Standard Services (1 day)

- Payload (Level IV) Inte
gration

SPACELAB

$

8M

- Ground Operations

$ 25M to $ 30M

- Support to Experimenter
- Payload Specialist Training

- (Refurbishment,
Level I, II, III
Integration, etc.)
- Flight Operations, 6 days
(POCC, communications,
data processing)
Total

•

(NASA)

$ 32M

Total Mission Costs $57M to $64M
Figure 12. Typical European Spacelab Mission Costs

Total (ESA)

$ 25M to $ 30M

THIS CRITICAL REVIEW OF THE SPACELAB PROGRAMME HAS SHOWN THE POTENTIAL SPACELAB USER
CONCERNS AS:
• CONTINUOUS POWER CAPABILITY (LOW SPACELAB PERFORMANCE AND
INCREASED NEW REQUIREMENTS)
PRIMARY

• LIMITATION OF MISSION DURATION (CURRENTLY 12 DAYS) DUE TO
ORBITER AND SPACELAB ENERGY REQUIREMENTS
• OPERATIONAL COSTS DISCOURAGE USE OF SPACELAB (TOTAL LAUNCH
ASSOCIATED COSTS APPROACHING $" 60M)
t ON-BOARD DATA STORAGE INADEQUATE FOR MANY PURPOSES

CO
CO

t HOT CASE HEAT REMOVAL CONSIDERABLY REDUCED BY LEAKS
• CONTINUOUS VIEWING NOT ALWAYS POSSIBLE DUE TO THERMAL EFFECTS
SECONDARY

• COMMAND UP-LINK CAPABILITY DOES NOT PERMIT ON-GROUND EXPERIMENTER
TO FULLY PARTICIPATE IN ON~BOARD EXPERIMENTS
• LATE ACCESS (FOR INTRODUCTION OF LIVING ORGANISMS) POSSIBILITIES
DO NOT SATISFY MANY EXPERIMENTERS
t MObULAR RAU WOULD BE MORE COMPATIBLE WITH DIFFERENT EXPERIMENTER
REQUIREMENTS
• RANGE OF POINTING SYSTEMS REQUIRED TO SATISFY SPREAD OF USER NEEDS
Figure 13. Summary of User Concerns

